The cellulolytic activity ofrumen contents was assayed by measuring losses in weight and tensile strength of cotton yarn incubated in rumen contents in the presence of dietary additives (barley, tallow) and at different pH values. The addition of barley depressed cellulolysis and the titer of filter paper-degrading bacteria only if the pH was allowed to fall. Lowering the pH from 7.0 to 6.0 by addition of HCl almost completely inhibited attack of cotton and greatly reduced the titer of filter paper-degrading bacteria. The layering of tallow on cotton inhibited attack of cotton but did not decrease the titer of filter paper-degrading bacteria. The results are discussed with special reference to the importance of the study of cellulosic substrates, which require a known enzyme or mixture of enzymes for attack.
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The criteria normally used to define the rumen cellulolytic bacteria are the attack of filter-paper strips (16) or the clearing of filterpaper powder (23). Truly cellulolytic microorganisms, however, are distinguished by the production of an enzyme (C,) that facilitates attack of highly ordered forms of cellulose, such as cotton, by the cellulase complex. Experiments with the cellulase of the fungus Trichoderma have indicated that the attack of filter paper does not require C, (18) . It seems likely, therefore, that filter paper can be degraded by pseudocellulolytic (as defined by Wood [24] ) as well as truly cellulolytic microorganisms.
There have been a number of studies on the attack of cotton by rumen contents. However, many of these studies used cotton sewing thread (1, 7, 21) , and it is doubtful if such bleached and alkali-treated cotton is a suitable substrate for the assay oftrue cellulolytic activity (25) . It has been demonstrated, though, that dewaxed native cotton fibers can be degraded by rumen contents (9) and some, but not all, strains of cellulolytic rumen bacteria (10) . A strain of Bacteroides succinogenes that had been shown to degrade cotton fibers (10) Dietary additives (barley, tallow) known to affect the digestibility of forage cellulose were added, and their effect on the ability of rumen contents to cause losses in weight of cotton was deternined. The true cellulolytic activity of rumen contents deternined in this way was compared with the "titer" of bacteria able to degrade filter paper, to find out whether changes in true cellulolytic activity were correlated with changes in the total numbers of"cellulolytic" bacteria. Finally, weight losses of cotton were compared with losses in tensile strength of the same samples, since if a close relationship exists between these two parameters, as some previous studies suggest (19) , estimation of strength losses would be a simple alternative to the determination of weight losses.
MATERIALS AND METHODS Rumen samples. Unless otherwise stated, rumen contents were from a cannulated sheep (no. 283) fed 350 g of hay and 175 g of dried grass twice daily. The same animal was also used for estimations in vivo. The contents were taken 2 h after the morning feed and were strained through one thickness of surgical gauze before use.
Incubation of rumen contents. Rumen contents (100 ml), or a mixture of rumen contents and artificial saliva (15) as specified in the text, were incubated for 24 h at 39°C in vessels similar to the culture vessel of Hobson (11) , with provision for gassing with 02-free CO2 (100 ml/min), bunsenvalve gas outlet, and in some cases provision for the maintenance of constant pH by the automated addition of 1 M NaOH (11) . When required, rumen contents were diluted by addition to artificial saliva, which had been thoroughly gassed with CO2 to pH 6.8 to 6.9. Different pH values were achieved by adding the required amount of 1 M HCl to the C02-gassed artificial saliva before adding the rumen con-STEWART tents. Diluted rumen contents incubated in this way remained within 0.1 pH unit of the starting pH.
Changes in weight and strength of cotton. The cotton yarn (Egyptian Menoufi cotton) was a gift from J. & P. Coats Ltd., Paisley, Renfrewshire, U.K., and had been treated by the manufacturer with cold 0.2% Lissapol ND (to remove gelatin and oxidizable oils), 0.02 M HCl, and 0.125% Na2HPO4. The yarn was dewaxed by successive soaks in chloroform and methanol (70 g of yarn; 700 ml of solvent), washed in hot water and distilled water, dried at 37°C, and stored in a desiccator. Weighed amounts (ca. 300 mg) of cotton yarn, wound into coils and attached to glass weights, were incubated in rumen contents in the vessels described above. For in vivo estimations, similar coils of yarn were suspended in the rumen for 24 h, using methods similar to those of Balch and Johnson (1). After incubation, the yarn was washed in the solvents described by Halliwell (9), dried, and reweighed. The residual tensile strength of the yarn was then determined using a laboratory-built, tensile-testing machine. The loss of tensile strength was calculated by comparison with the strength of controls incubated in sterile artificial saliva and washed and dried as above.
Treatment of cotton with tallow or fatty acids. Weighed coils of cotton yarn (ca. 300 mg) were soaked for 30 min in solutions of tallow or fatty acids in 15 ml of chloroform. The treated yarn was dried with a hot air blower and reweighed. The required amounts of tallow or fatty acids in the solution were determined by trial and error; for each 10 mg of fat in solution, 1 mg was normally found to be absorbed onto the cotton. It was not possible to obtain accuracy of greater than +2% in absorbing fat onto yarn, so the results in Table 2 were obtained by interpolation.
Fermentation products and viable counts of bacteria. The analytical and cultural methods used were the same as in a previous study (13) . Counts of filter paper-degrading bacteria were done by the method of Mann (16) .
Chemicals. Chemicals were of Analar grade (BDH Ltd., Poole, Dorest, U.K.) except K2HPO4, which was laboratory grade. Higher fatty acids were Puriss (Koch-Light Laboratories Ltd., Colnbrook, Bucks, U.K.), and tallow was a gift from Isaac Spencers Ltd., Aberdeen, U.K.
RESULTS

Effect of barley.
In an attempt to deternine how much of the effect of barley on the cottonsolubilizing activity or rumen contents is a result of the acid conditions that develop on fermentation of the barley, rumen contents from a roughage-fed sheep were incubated with barley in separate vessels. The contents of one vessel were maintained at pH 6.6; the contents of the second vessel were allowed to fall in pH during the incubation. A third vessel, containing rumen contents held at pH 6.6 but without added barley, was set up as a control. The results (Table 1) depression in cotton-solubilizing activity of rumen contents, and a marked depression in the titer of filter paper-degrading bacteria, was obtained only if the pH of the barley-supplemented rumen fluid was allowed to fall. Selective counts of some groups of bacteria that would be expected to thrive on the addition of barley and analyses of fermentation products were made, as an indication of the extent to which the system used recreated events that would be expected to occur in vivo on addition of concentrates to a roughage diet. The addition of barley increased the concentrations of volatile fatty acids (VFA) and changed the acetate-propionate ratio from about 4:1 to 2.4:1 independently of pH changes. Small and approximately equal amounts of isobutyrate, isovalerate, and valerate were found in all of the samples. The CO2 flow probably removed some VFA from the barley-supplemented rumen fluid incubated at low pH, and this may account for the VFA concentration being lower in this case than that in the barleysupplemented rumen contents at pH 6.6.
Although lactate-producing bacteria (particularly lactobacilli) increased in numbers when the pH of barley-supplemented rumen contents was allowed to fall, lactate accumulated to only a small extent (Table 1) . There was an increase in the numbers of the lactate utilizer Veillonella under these conditions. The sample of rumen contents and barley incubated at low pH also showed on Veillonella agar a large number of colonies (corresponding to 9 x 107/ml of rumen contents) of a gram-negative, curved rod similar in morphology to Selenomonas. None of the other samples showed these colonies.
Microscopic observations ofthe protozoa present in the rumen contents under these conditions showed that an A-type (5) population was initially present. A large proportion of this population (holotrichs, entodinia, and Polyplastron together with flagellates) survived in the rumen contents incubated at pH 6.6. When the pH was allowed to fall to 5.2, however, all ofthe protozoa appeared to die.
The increase in bacterial numbers that occurred when barley-supplemented rumen fluid was incubated at low pH might have been a consequence of the death of protozoa. However, a (qualitatively) similar increase in bacterial numbers occurred when rumen contents from a ciliate-free sheep were incubated under similar conditions. Rumen contents from this ciliatefree sheep also caused weight losses of cotton.
Effect of pH. The limited number of vessels available for maintenance of pH by automated addition of alkali restricted the number of incubations that could be studied simultaneously.
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This led to tests on mixtures of rumen contents and buffer (artificial saliva) to find a mixture with high activity against cotton and minimal fall in pH during incubation. The results ofthis study are shown in Fig. 1 . The addition of 10 ml of rumen contents to 100 ml of artificial saliva resulted in the greater weight loss of cotton per milliliter of rumen contents, and the pH remained with +0.1 unit of the starting pH.
Mixtures of 10 ml of rumen contents and 100 ml of artificial saliva were then used in a study of the effect of pH on the cellulolytic activity of rumen contents, the results of which are shown in Fig. 2 . The decrease in activity on lowering the pH was found to be accompanied by a decrease in the numbers of filter paper-degrading bacteria. Thus, after incubation at pH 6.9, the titer of filter paper-degrading bacteria was 106/ .S 150 Effeut of animal tallow and fatty acids. On incub-.tion in diluted rumen contents of cotton treateA with tallow, it was found that the addition of tallow depressed the attack on cotton by the rumen microorganisms ( Table 2) . Analysis of the tallow by gas-liquid chromatography (8) showed that it consisted principally of the following acids (percentage, by weight): oleic, 41.2; palmitic, 25.9; stearic, 17; linoleic, 4.1; palmitoleic, 2.7; myristic acid, 3. The effect of some of these acids, when added to cotton at 15% (by weight), are also listed in Table 2 . At this concentration, oleic acid had the most marked inhibitory effect.
The presence of tallow did not significantly affect the total number of rumen bacteria present (107/ml), and there was no evidence of an effect on the titer of filter paper-degrading bacteria (106/ml).
Tensile-strength losses. The weighed samples of cotton yarn, which had been incubated in the above experiments, were tested for their residual tensile strength. Statistical analysis showed that a correlation could be obtained by the formula Y = 30.05 + 2.12X -0.017X2 between losses in tensile strength (Y) and weight (X) of cotton yarn. The correlation coefficient was 0.87; residual standard deviation was 7.7. Although this is a statistically highly significant relationship, there was a marked scatter of the tensile-strength loss values corresponding to a particular weight loss, and there would not seem to be any obvious biological reason or a relationship of this form. DISCUSSION The system used for incubation of rumen contents in vitro seemed to accurately reproduce conditions in vivo in that the gross changes in concentration of fermentation products and bacterial numbers were consistent with in vivo effects noted previously (12, 17) .
Direct comparison of the results of the present study with those from previous work is difficult, because there are often differences in the form of cellulose or the experimental conditions used. Even so, the weight loss of cotton in vitro in the present study (up to 10 mg/ml of rumen contents in 24 h) was considerably greater than that previously reported in comparable experiments (9) . It seems that the correct incubation conditions are very important for demonstration of the maximum cellulolytic activity of rumen contents in vitro. The most effective cotton-solubilizing rumen bacterium so far described, strain S85 ofB. succinogenes, almost completely digested 20-mg samples of native cotton in 7 days (10) . In view of the present results, it would be of interest to measure the activity of strain S85 when tested with larger amounts of cotton at constant pH to see what proportion of the cotton-solubilizing activity of the rumen could be contributed by this pure culture.
The present studies on cotton lead to generally similar conclusions about factors affecting cellulolytic activity in the rumen, as do earlier experiments on the digestion of forage cellulose. In comparable experiments on the effects of concentrates and pH on the digestibility of forage cellulose in vitro (14, 22) , cellulose digestion was found to be markedly inhibited by a fall in pH, as in the present study. The effect of tallow on cotton solubilization was comparable to effects of the same tallow on grass cellulose digestion in vivo in experiments that have been reported separately (J. Kovalczyk, E. R. Orskov, J. J. Robinson, and C. S. Stewart, Br. J. Nutr., in press). These results are comparable to those obtained in a range of studies on the effects of dietary fats on cellulose digestion (3).
On the other hand, the conclusions from studies on chemically purified or mechanically modified cellulose are more diverse. Much of this diversity undoubtedly results from differences in experimental conditions and the criteria used to estimate cellulolysis, but there must a Means followed by different superscripts are significantly different at P < 0.01. be doubt about which enzyme activity is being measured when different, relatively degraded forns of cellulose are studied. In the present work, for example, the titer of filter paperdegrading bacteria showed a sharp fall on lowering the pH of the rumen contents. This result is consistent with the finding (9) that Whatman cellulose powder is not attacked by rumen contents at pH 5.9 and also with a general effect of pH, in that experiments suggest that the optimum pH for many of the important hydrolytic rumen bacteria in the forage-fed ruminant is above pH 6. A study of the digestion of filter paper in vivo and in vitro (6), however, suggested that pH changes were not mainly responsible for the inhibitory effect of starchy concentrates on the digestion of cellulose, a view that differs from the conclusions drawn from the present results and the studies on forage cellulose digestion previously mentioned.
The addition of tallow, although suppressing digestion of grass cellulose and cotton, did not depress the titer of filter paper-degrading bacteria. This suggests a more specialized effect of the tallow only on the group of true cellulolytic bacteria assayed by cotton degradation. Supposing the previously mentioned B. succinogenes to be representative ofthis group, a possible mechanism is given by Bryant et al., who suggested that fats could specifically depress growth ofB. succinogenes by depriving the bacterium of essential Ca2+ ions (2) . If the bacteria with the C1 enzyme were only a small fraction of the total able to degrade filter paper, then a decline in the number of the former might not significantly alter the numbers of the latter as counted here. In any case, it is clear that the numbers of filter paper-degrading bacteria do not give a guide to the cellulolytic activity of rumen contents under all conditions.
The effect of VFA on the cotton-solubilizing activity of rumen contents is comparable to inhibitory effects ofVFA on some non-cellulolytic rumen bacteria previously reported (20) .
Tensile-strength losses apparently do not give an accurate guide to weight losses of cotton yarn. Presumably a situation exists in the rumen comparable to that described for Trichoderma cellulase (26) in which strength and weight losses are primarily caused by different mixtures of enzymes of the cellulase complex.
The results emphasize that, as has previously been implied (10), a detailed understanding of cellulose hydrolysis in the rumen can only be assembled by experiments with cellulosic materials, which require known enzymes or mixtures of enzymes for attack. Cotton fibers, which require the whole of the cellulase complex, are particularly suitable in this respect.
